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PREFACE

The fielding of this survey was funded by a Commercial
Fisheries Research and Development Act (P.L. 88-309) grant from
the National Marine Fisheries Service to the Hawaii Division of
Aquatic Resources (HDAR). The survey was conducted by a private
research firm under contract to HDAR. The survey results were
compiled by the Western Pacific Fishery Information Network
(WPACFIN) of the Honolulu Laboratory; WPACFIN was primarily
responsible for preparing the summaries and analyzing the data.
The data provided in this report are preliminary.







INTRODUCTION

Understanding and properly managing marine fisheries
resources requires information on a broad range of factors that
influence and impact the resources as well as the fisheries
exploiting them. Catch and effort statistics from the
commercial, recreational, and subsistence components of the
fisheries are principal and fundamental pieces of information
used in fisheries management. These data had not been
systematically collected in Hawaii for the recreational and
subsistence small-boat fisheries for about 10 years, but a survey
was conducted recently to obtain them for the island of Oahu,
Hawaii, where the majority of the State's population resides.
This report makes available some of the basic summary data and
preliminary results of the survey that was conducted from March
1990 to May 1991. A more thorough survey description and a more
complete data analysis will be available later. Although other
information can be extracted from the data collected during the
survey, the principal purpose of conducting this survey was to
estimate the annual catch and effort of the small-boat fleet on
Oahu.

METHODS
Survey Design

Simply stated, the survey consisted of counting boats and
interviewing fishermen at eight public launching facilities on
Oahu during selected days of each month and using the sample data
collected to estimate island-wide catch and effort during some
time period. Only small-boat activity was monitored at these
eight ports during each sample day. The term "small-boat" refers
to any size of vessel moored or launched at any of the eight
public ports on Oahu, except for certain easily identifiable
commercial vessels, such as the aku sampans, large-scale charter
boats, and longliners, which occasionally use these eight ports.
The sample included commercial and recreational small boats. A
large portion of the small-boat fishing activity on Oahu
originates at the eight sampled public marinas and launching
ramps, but no attempt was made to document the amount of activity
which originates elsewhere on the island. The data in this
report represent only that portion of fishing activity occurring
out of the eight sampled ports; therefore, the results are
conservative estimates of island-wide activity.

Sampling activity was stratified by port and by day type
(weekday versus weekend or holiday), because significant
differences exist between ports and participation is considerably
higher during weekends and holidays than the average weekday.

For data collection and expansion purposes, fishing method was




also important because participation and catch per unit effort
(CPUE) vary considerably between methods. Therefore, sample
strata are combinations of data for each port and day type,
whereas expansion strata are combinations of data for each port,
day type, and fishing method.

The eight sampled ports were divided into four major and
four minor ports, depending on the perceived amount of boat
activity (Fig. 1). Since large commercial vessels were excluded
from the sample, so were Kewalo and Honolulu Harbors where large
vessels comprise most of the total port activity and no public
launching ramp exists. One major port was selected for each
coast of Oahu, and two minor ports occurred on the east and south
coasts. No minor ports exist for the west and north coasts. One
minor and two major ports were simultaneously sampled on any
given sample-day. Sampling at a specific port and day is defined
as a port-day. Available funding for the data collection program
permitted four sample-days per month with a fifth sample-day
occasionally added. To ensure that every major port combination
was sampled within each 3-month period, major ports were sampled
during two weekdays and two weekend/holiday days monthly, and the
combination and order of ports were randomly selected without
replacement. To ensure that each minor and major port
combination was sampled at least once every 6 months, minor ports
were randomly paired with major ports without replacement. This
sampling strategy was selected to document the relationships
among ports to improve the design for future surveys. A total of
five 3-month periods were sampled beginning March 1990 and ending
May 1991.

Sampling at a designated port was conducted from 1 hour
before sunrise until 1 hour after sunset. Two principal
activities were accomplished during each port-day: (1) vessels
leaving and returning to the port were counted and identified,
and (2) as many returning vessel operators as possible were
interviewed for catch, effort, and species composition. Figure 2
shows the boat log sheet used to record each time a vessel left
or returned to the port area and what, if any, fishing method was
used--information that was the top priority of each sampler.
Figure 3 shows the offshore creel survey form used to record
data on total catch, effort, and species composition for each
fishing method used from as many returning vessel operators or
knowledgeable occupants as possible.

Data Collecting and Processing

Data collection and initial data entry were conducted by a
local research survey company under contract to the Hawaii
Division of Aquatic Resources (HDAR). The HDAR staff coordinated
training of port samplers and generally oversaw the fielding of
the survey. Extensive data verification, quality control, and
editing were done by the National Marine Fisheries Service,
Honolulu Laboratory, Western Pacific Fishery Information Network




(WPACFIN), which also handled all computer programming, data
processing, report summarization, analysis, and presentation.
Figure 4 summarizes the major data processing steps and the
significant data-base files used. A mainland consulting company
specializing in fisheries surveys was contracted by WPACFIN to
review the survey design and data expansion algorithms to ensure
the statistical validity of the calculations.

Assumptions

Any survey requires certain assumptions regarding the
samples taken and the data collected, if the sample data are to
be expanded to estimate what happened in the whole population.
The sample must be representative of the population and must
contain adequate coverage of each stratum. The proportion of the
total population included in the sample must be known, and all
recorded data must be complete, unbiased, and accurate in all
respects, or distorted expansions may result. Although
considerable effort was expended to ensure these conditions were
met, as with any survey, they were not fully met.

Limitations and Problems

Determining an adequate level of sampling depends on the
variability of the parameters being measured and the desired
level of confidence in the results. Unfortunately, the true
variability of the catch and effort parameters in the entire
population of small-boat fisheries on Oahu was unknown, and funds
to conduct the field sampling were limited. Therefore, the
maximum sample size was based on available funds. The level of
confidence in the results was statistically determined after the
survey was completed.

Some data were not recorded accurately. Port samplers
varied in their interpretation and understanding of some of the
survey questions. Other data recording problems occasionally
occurred as well; species were misidentified, boat numbers on the
vessel log sheets were incomplete, fishing methods were
misidentified or were not indicated on the log sheets, or
interviews were not completed. Some fishermen refused to provide
information on the intended disposition of their catch, while
others refused to be interviewed at all. One other problem was
the lack of interviews recording any species composition of the
catch. Therefore, to provide reasonable species composition
figures for each fishing method, interviews were pooled across
day types for each port. If no interviews containing species
identification were made during the year for a port and fishing
method but catch had been estimated, then all of the estimated
catch was allocated to an appropriate miscellaneous species
category for that method (i.e., trolling to pelagics (misc.),
bottomfishing to bottomfish (misc.), spearfishing to reef fish
(misc.), and so on). Some of the rare fishing methods have too
few interviews for the entire sample period to be representative




of true species composition. Data recording problems were
identified by WPACFIN's data gquality-control programs; WPACFIN
staff rectified the problems if possible or, when appropriate,
eliminated the data from the expansion and analysis phases to
reduce possible distortions.

Expansion Process and Algorithms

The following briefly describes the procedures used to
expand the sample data to island-wide estimates of catch, effort,
and species composition (Appendix A; Fig. 5). All effort is
reported in number of trips, even though effort, through
expansion, can be presented in hours for active fishing methods.
Although it is possible to expand the survey data by any whole-
month time period, selecting combinations other than the 3-month
sample blocks or contiguous combinations thereof is not
recommended because unusual port combinations and inadequate
coverage may result. Quarterly and annual expansion results are
presented.

In the expansion process, data for each sample stratum (port
and day type combination) are handled separately, and within each
sample stratum, each fishing method is expanded separately, thus
creating the expansion strata (port, day type, method). The
expansion stratum is used because most fisheries parameters vary
significantly between methods (e.g., mean catch, effort, CPUE,
and species composition are very different for trolling,
bottomfishing, spearing, netting, and so on). Whenever the
number of interviews for any expansion stratum is less than two,
the mean CPUE in the expansion algorithm is based on the average
aggregate catch per trip for all interviews collected for a
particular fishing method during the 15-month survey period. 1In
the expansion process, the average daily number of trips for each
expansion stratum is multiplied by the number of days in the time
period, to estimate the total effort. The estimated total effort
(i.e., the number of trips) is multiplied by the average catch
per trip to estimate the total catch (e.g., for each stratum:
avg. trips * days = total effort; total effort * avg. catch =
total catch). To determine the species composition of the total
catch for each expansion stratum, the estimated total catch is
multiplied by the percent species composition of the sampled
catch (e.g., total catch * avg. species = total catch per
species). Variances of the mean daily effort, mean catch per
trip, and estimated total catch are calculated by using standard
formulas for variance of a mean, variance of a ratio estimator,
and variance of products, respectively (Cochran 1977, Malvestuto
1991, and Meyer 1975). Summary statistics are created by summing
the calculated values and variances across strata.




RESULTS

The following tables and graphs provide some of the basic
information available from the summaries and analysis of the
survey data. They are by no means exhaustive of the types of
summaries that can be produced. Although it is not the intent of
this preliminary report to analyze and interpret these summary
statistics, some general comments follow regarding the tables and
figures. The reader is reminded that these are considered
preliminary results and that the estimates are for that portion
of Oahu covered during the sampling program. Not all table
columns will total, because of rounding.

Tables 1 through 4 and Figure 6 provide catch and effort
statistics for each of the five 3-month sample periods. Catch
and effort in the fifth quarter of the 15-month sample period was
relatively low, perhaps because of the relatively high number of
poor weather days that seemed to occur on the sample days
randomly selected for this time period. These tables also
provide two estimates of annual statistics for March 1990-
February 1991: One estimate is the sum of the strata across the
first four quarterly periods, and the other is the annual
expansion of combined data for the same period. Interestingly,
the annual estimates calculated by these two methods vary only
slightly in their expanded numbers, and as expected, the
coefficients of variation are slightly better for the annual
estimates created by summing across the four quarters. All
remaining tables and figures present annual data expanded by the
second method.

The most frequently used fishing method was trolling, which
accounted for 53% of the total number of estimated trips (Table
1; Fig. 7). This method was followed by bottomfishing (12%),
spearfishing (11%), and spin casting (8%). The combined netting
methods accounted for 7% of the trips, and akule and opelu trips
accounted for another 5%, with a mixture of other methods making
up the remaining 4% of the trips. A slightly different picture
of importance of fishing methods is apparent when the weight of
harvest is compared (Table 2; Fig.7). Trolling is still the most
important fishing method and is responsible for about 55% of the
total estimated annual harvest. And bottomfishing is still
second, with about 9% of the catch. However, the various netting
methods account for over 19% of the total catch by weight, with
spearfishing accounting for only 6%, akule and opelu for about
5%, and spin casting for about 1% of the total catch. The
remaining 5% of the catch is caught by a mixture of fishing
methods.

The most popular port from which to fish is Pokai Bay on the |
leeward coast; it accounted for 37% of the total number of trips |
and 38% of the total catch reported during the year (Tables 3-4; ‘
Fig. 8). The second most used port is Heeia Kea on the windward
coast; it accounted for almost 18% of the trips and over 20% of




the total catch. One minor port, Keehi Lagoon, should have been
considered a major port for sample design purposes, as it ranked
third in trips (12.3%) and total catch (11.8%) during the year.
Although Ala Wai Harbor accounted for almost 7% of the fishing
trips, it had less than 3% of the catch. Effort for Kahana Bay
was even lower than expected; the almost inconsequential level of
effort and catch may have resulted from the small sample size and
particularly bad weather on several sample days, thereby creating
a nonrepresentative sample for that port. Anecdotal information
seems to indicate that the Kahana Bay port is used more than our
survey recorded.

Nearly 75,000 1b of catch were sampled during 1,356
interviews made in the first 12 months of the survey (Table 5).
The most important ecological group in the catches was pelagic
fishes which comprised 55% of the total landings (Fig. 9). This
group was followed by the nearshore pelagic fishes (akule and
opelu; 18%), reef fish (15%), miscellaneocus fishes and
invertebrates (>6%), and bottomfish (<6%). If the species are
ranked by frequency of occurrence (e.g., how many times an
interview recorded at least one of the species), the number one
species is skipjack tuna, followed by mahimahi, goatfish, papio,
akule, octopus, and yellowfin tuna. When species are ranked by
weight, skipjack tuna slips to fourth place behind akule,
mahimahi, and yellowfin tuna and is followed by blue marlin,
goatfish, and bigeye tuna.

Some species recorded for certain methods (e.g., bottomfish
species for the trolling method) probably were due to improper
recording of the fishing method during the interviewing process
(Table 6). This sometimes occurred when more than one method was
used during a fishing trip, but the interviewer recorded only one
method. The most productive port for many species was Pokai Bay
(notably akule, skipjack and yellowfin tunas, and blue marlin),
whereas Heeia Kea by far produced the most mahimahi (Table 7).
Only akule, taape, papio, and weke were recorded at all eight
ports.

Surprisingly, a considerable portion (41%) of the catch was
identified as destined to be sold (Tables 8-9). This number is
believed to be conservative. Since State law prohibits catch
sales without a valid commercial fishing license and since a fair
number of fish are believed to be sold by non-licensed fishermen,
it was not surprising that some fishermen would not answer the
sales question. Nor was it surprising that some answers were
obviously untrue. The 41% of the sampled catch that was sold was
landed by only 22% of the fishermen interviewed. Among the major
fishing methods, traps (65%) and nets (53%) had the highest
proportion of sales. Although Pokai Bay had nearly twice the
amount of total estimated catch as Heeia Kea, it only had a
slightly larger commercial catch (Table 9). Ala Wai Harbor was
the least sampled commercial port.




Commercial fishermen (those who sold at least a portion of
their catch) caught over 3 times as many fish per successful trip
as the purely recreational fishermen (Tables 10-11). The high
catch rates of recreational net fishermen are probably a result
of untrue responses to the sales question. A quick analysis of
the average length of successful fishing trips, for which the
hours fished were recorded, revealed that commercial trips lasted
8.5 hours and recreational trips lasted 6.0 hours. Therefore,
the longer average trip of the commercial fishermen was
responsible for some of the increased catch per trip, but most of
the increased catch was due to their much higher catch rates.

CONCLUSION

Although the execution of this survey had several
shortcomings, much useful data were collected and much more
information can be obtained through additional analysis. This
report provides only preliminary basic summaries of the
fisheries, and we have not analyzed the survey for ways to
improve its design or execution in the future. This survey has
demonstrated that the access point method of surveying boat-based
fisheries activities in Hawaii is a viable alternative to data
collection. This method of sampling can provide estimates of
catch and effort with relatively narrow confidence limits, even
at fairly low sampling rates.
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Table 10.--Comparison of commercial and recreational annual
(March 1990-February 1991) catch rates by fishing
method for Oahu, Hawaii. Table includes only those
interviews in which the catch and the disposition of
the catch were recorded.

Commercial Recreational
Number of Pounds Number of Pounds
Method interviews per trip interviews per trip
Trolling 156 135 512 40
Bottomfishing 53 78 237 24
Spearing 14 95 111 16
Casting (spin) 3 19 63 10
Nets (misc.) 6 176 8 57
Net (lay, gill) 8 315 22 64
Net (purse) 6 413 5 322
Net (lobster) 0 0 2 65
Net (crab) 3 60 8 13
Net (throw) 0 0 1 32
Net (aguarium) 8 4 1 2
Traps (misc.) 2 178 1 9
Trap (lobster) 2 60 1 40
Trap (shrimp) 0 0 0 0
Trap (fish) 5 40 2 58
Tuna handline 2 260 0 0
Other 1 35 11 21
Akule/opelu 33 67 44 33
Mid-depth handline 5 29 18 12
Bottomfish longline 0 0 3 19
Octopus lure 0 0 8 20
Hand-limu, opihi 0 0 0 0
Other (jigging) 1 45 4 39

Total 308 119 1,062 33
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Table 11.--Comparison of commercial and recreational annual
(March 1990-February 1991) catch rates by port for
Oahu, Hawaii. Table includes only those interviews
in which the catch and the disposition of the catch
were recorded.

Commercial Recreational
Number of Pounds Number of Pounds

Port interviews per trip interviews per trip
Pokai Bay? 107 111 395 41
Heeia Kea® 58 146 159 25
Keehi Lagoon 31 83 90 38
Hawaii Kai? 48 151 162 32
Haleiwa® 42 90 138 29
Lanikai 9 167 36 15
Ala Wai 12 47 76 18
Kahana Bay 1 500 6 33

Total 308 119 1,062 33

Major ports for sampling purposes.
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Haleiwa
Kahana

Heeia Kea

Pokai

Bay Lanikai

L SR
agoon Ala Wai Hawaii Kai

-@- Major Ports % Minor Ports

West - Pokai Bay East - Kahana

North - Haleiwa East - Lanikai

East - Heeia Kea South - Ala Wai

South - Hawaii Kai South - Keehi Lagoon

Figure 1.--Port sampling sites on Oahu, Hawaii.
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Figure 2

BOAT LOG SHEET
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Figure 3

Rev. 6/22/90
OFFSHORE CREEL SURVEY INTERVIEW FORM
Port ( ) Date: / / Interview #
Month Day Year
Interviewer ( ) Time Page of
ForEShina B
Boat Name/No. / Boat Length ft.  Was Fishing Done? Yes/No
Time Depart Time Return How Many People Fished?
Method Used  Hours Catch (Ibs) Method Used Hours  Catch (lbs)
10. Trolling 50. Net (Type )
20. Bottomfishing 60. Trap (Type )
30. Spear 70. Tuna Handline
40. Casting (spin) 80. Other
Disposition of catch? % Keep % Sell % Other
Est. max miles from shore? Buoys fished? Yes/No Whichones? (_ ) (__ ) ()
(For Heeia-Kea Interviews Only: Did you fish - Inside Kaneohe Bay? Qutside? Both? )
(Show map and expiain boundary; ask fisherman if fish caught in or out of bay, then pieass note in REMARKS beiow)
Rain? Yes/No Wind (est. mph) Seas (est. ft.)
Catch by Method
Meth] A7 | Species/ Act/ Act/ [Est. Lb not
Code | YN Group | No. Landed! Est Lb. Landed | Est Randed | REMARKS

Survey by OmniTrak Group Inc. for the Division of Aquatic Resources, Depanment of Land and Natural Resources, State of Hawadi, 1990
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Figure 4
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Figure 5

Survey Data Expansion Process

Interview
fishers
|
1 1
Catch Species
bzo "
nethod conposi tion
1
1 t)l i ’
nterview
for Cale, %
stratun species
conposition

Calc, mean

Lo
al
boats
Data ; | *
Collection
Fished?
Steps Hethod
L "N
| v
[_ Caic.x Cale. %
Daily nethod fishing
Effort I
Estination 4
Cale. Calc.
Process trigs per [¢ boats
netho fishing
— ¥
Calc. mean Pool interviews
daily effort for method
and variance for 13 months
and all ports
\
Hu&tiplg by
ays in
Data tinegperiod
Expansion
Process J
Expanded
effort and
variance
L

=
Data

Sunmation
and
Repart
Generation

L

b 4

CPUE and
variance

1

.| Cale. expanded

catch and
variance

)

anded
catch and

variance

A

Produce swamary

$ reports sumning

across strata

w

Cale. expanded
eatc:?bu
species

1

Many reports
availghle

S




27

Figure 6

Estimated Total Catch And Effort
By Quarter
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Annual Estimated Total Catch And Effort
By Method
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Figure 8
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Appendix A.--Data expansion process.

Explanation of the Data Expansion Process

The process of creating estimates of total catch and effort
from sample data is generally referred to as the data expansion
process. In this survey, the expansion process involves two
distinctly different procedures: one estimates a "measurement"
without variance of daily effort for each expansion stratum
(e.g., a port, type day, and method combination), and the other
calculates averages with variances of catch and effort parameters
and then expands them to estimate the total catch and effort and
to divide the catch into estimates of species composition (Fig.
5).

To estimate daily effort, the total number of boats counted
in a day is allocated into various use categories based on data
collected from the vast majority of the boats. For example, if
100 boats are counted during the day and fishing activity is
determined for 80 of them, the information from the 80 boats is
then used to estimate the fishing activity of the 20 for which no
information has been collected.

Total effort is estimated by multiplying the average daily
number of trips for each expansion stratum by the number of days
in the time period. Total catch is estimated by multiplying the
average daily number of trips by the average catch per trip.
Species composition of the total catch for each stratum is
calculated by multiplying the estimated total catch by the
percent species composition of the sampled catch. Variances of
the mean daily effort, mean catch per trip, and estimated total
catch are calculated using standard formulas for variance of a
mean, variance of a ratio estimator, and variance of products,
respectively (Cochran 1977, Malvestuto 1991, and Meyer 1975).
Summary statistics are created by summing values and variances
across strata.

The following is a detailed description of the individual
steps, inherent complications, and formulas to estimate daily
effort and expand the data. Referring to the survey instruments
(Figs. 2 and 3) and the data processing and expansion flowcharts
(Figs. 4 and 5) will assist in understanding the explanation.

The Daily Effort Estimation Process

Each sample day, the port sampler was required to log every
vessel departing from or returning to the port, and record the
boat name or number, time, whether fishing was intended or done,
and the fishing method used or intended (Fig. 2). To obtain all
of the required information, the sampler needed to speak to
someone on every vessel at the time of departure and return, but
as is common in fisheries surveys, this was not always
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logistically or physically possible. Therefore, information from
vessels for which activities were identified is used to estimate
activity of vessels for which information was missing.

The first step in processing the daily log data is to merge
all departure and return log entries for each boat (Fig. 4).
Some of the resultant merged records include information for a
full trip, but some include only departure or return data.

To estimate daily effort, the first step (Fig. 5) is to
calculate the percentage of boats that fished on that particular
sample day (F,):

F
F,= —%
° (NF + F)

where F is the number of "yes-fish" boats on merged log sheets,
and NF is the number of "no-fish" boats on merged log sheets.

Next, to estimate the total number of fishing boats active
at the port on a port-day, the known fishing boats identified on
the log sheets are counted, and then an estimated number of
fishing boats is added to account for the boats for which no
"fished yes/no" information is available. The total number of
fishing boats for the sample port-day (E) is calculated as

E=F+(B*F,),;

where

B is the number of blank "fished yes/no" boats on merged log
sheets

The next step is to calculate the percent usage of each
method (T,) by dividing the total number of "full," "return
only," and "depart only" fishing trips for each logged fishing
method by the total number of boats whose fishing method has been
logged for that port-day:

T = Y all boats logged using a particular method
° 2 all boats with logged method(s)

Because more than one fishing method can be used by a single boat
on each trip, each method used is counted once in the numerator,
but the boat is counted only once in the denominator. Therefore,




31

if multiple-method trips are logged during the day, the sum of
the percentages (T,) will be greater than 100%; otherwise, an
insufficient amount of effort will be allocated to the methods
used on fishing trips with mixed methods.

The final step is to calculate the estimated number of boat
trips using each of the fishing methods (T;) logged during the
day:

This estimate of participation is considered to have no
measurement without variance, just as if the port sampler had
physically and logistically obtained the necessary fishing
information from every boat that used a port on a particular day.

The Data Expansion Process

The first step in the data expansion process is to calculate
the mean daily number of boat trips for each stratum (7) by
summing the individual day participation estimates over all
sampled days during the time period. The result is divided by
the number of days sampled:

where T; is the number of boat trips for each day sampled, and n
is the number of days sampled in the time period.

The variance of T is calculated using the standard formula
for variance of a mean as adjusted by the finite population
correction (fpc) factor (Cochran 1977), since the proportion of
the number of days sampled in the time period sometimes exceeds

5%:
£r)
ﬁﬁ_ﬁﬁl

I=1 n
VAR (T) = (n-1) X(1—£);
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where N is the number of days in the sample period, n/N is the
sample rate (e.g., 3 of 30 weekend days), and (1 - n/N) is the
fpc.

The expansion is accomplished by multiplying the mean daily
effort by the number of days in the time period:

T=TxN;

where T is the estimated number of boat trips for the time period
for a fishing method, type day, and port

The variance of the expanded effort for each stratum is
calculated by

VAR (T) = VAR(T) X (N)?Z2.

The other major parameters to be calculated in the data
expansion process—--mean catch per trip and percent species
composition--are obtained from the fishermen interviewed by the
port sampler. Because the number of expansion strata was large
relative to the number of interviews collected for most strata on
any given port-day, the interview data were pooled over time to
obtain a large enough number of interviews to be representative
of the parameters being estimated. Even so, a sufficient number
of interviews did not exist for many of the lesser used methods
for each 3-month or even 12-month period, even if "sufficient"
was defined as only two (or more) interviews.

When the mean catch per trip is calculated, if sufficient
interviews do not exist within the time period being expanded,
interview data for the fishing method in question are pooled
across ports for the entire 15-month sample period. This island-
wide, 15-month average catch per trip is used in the expansion
algorithm whenever an expansion stratum has fewer than two
interviews. The mean catch per unit effort (U) is calculated by
using a ratio estimator for each stratum or pooled strata:

Ye,

U=J=1 ;

M
s

[
I
fay
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where C is the catch of a single fishing method for the trip, J
is the individual interview for a method, n is the number of
interviews, and T; = Effort of each trip for which an interview
has been made.

In the current case where the unit of effort of each fishing trip
is the trip itself (e.g., effort = 1), the formula is simplified
to the sum of the total interviewed catch divided by the number
of interviews made:

Similarly, the standard formula for estimating the variance of a
ratio estimator--as given in Cochran (1977) for cluster sampling
of elephant populations and modified by Malvestuto (1991) to
represent fisheries catch per unit effort (hours fished)--can be
simplified by using trips as the unit of effort. Additionally,
adjustment by the fpc is not needed in this case because the
number of interviews typically represents a small fraction of the
total number of trips in the stratum or pooled strata. If effort
is measured in hours and fpc is needed, the variance of the mean
catch per unit effort (hour) is:

2\ _ T 7Ty 2 2
VAR (U) = 1 [J%(CJ) Z(U)g(CJ) (e;)+(U) Jg(eJ))X(l - £);
2 (n-1) N
€
n

where e; is effort measured in hours fished for each interview,
n is the number of interviews or trips, and N is the total trips
over the time period (e.g., the population).

The other parameters are as previously defined. However, since
for the current report, trip was selected as the unit of effort
and the fpc is not needed, the formula for the variance of the
mean catch per trip (var (U) is simplified:

)3 (c3) - (2(E)£(CJ))+(n(E>2)
(n-1)
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To complete the catch and effort data expansion process, the
estimated total catch for each expansion strata (¢) is calculated
by multiplying the expanded trips by the mean catch per trip:

@'=f’XE;

where T is the estimated expanded number of trips, and U is the
average catch per trip. §

The variance of the estimated total catch (Var (€)) is
calculated by the formula for the variance of products (Meyer
1975):

VAR (&) = (VAR(T) (U)?) + (VAR(U) T?) + ((VAR(P)) (VAR(U))).

To obtain summary information, expansion data are summed
across strata, as are their variances. For instance, to obtain
an estimate of total catch and effort at a port, the ¢ and T and
their respective estimated variances are summed over all methods
for both weekdays and weekends/holidays.

The final step in the data expansion process is to partition
the estimates of total catch by method into estimates of catch
for each species identified during the sampling process. This is
done by calculating the percent species composition for the port,
method, and time period being estimated. First the sum of the
total sampled weight of an individual species is divided by the
sum of the weight of all identified catch. The resultant percent
is then multiplied by the estimated total catch for that port-
method strata:

R ﬁ pounds of species(x) R
Co(x) = |2 x &;

s
f: pounds all species
J=1

where &, (x) = Estimated catch of species (x) for a port and
method, and C is the estimated catch for the port and method.

J and n refer to only those interviews which contain species
breakdown of the catch. No formula for estimating the variance
at the species level is currently available, but the variance
should be fairly high because of the small sample size and the




S—

35

extreme variability in the species mix of catches, even within a
single method.

Summary species composition data are obtained by simply
summing the individual species estimates across the port, method,
or time period strata. For example, to obtain the estimated
total catch of mahimahi island-wide for a l-year period using
quarterly expansion data, a species composition data base would
have been created during the data expansion process that contains
one record for each species for each method for each port for
each quarter in the year. A simple summation would then be
performed across all strata for the particular species in
question:

4
Island-wide &, (x) =(§: (
o

where M is the method of fishing, P is the port sampled, and Q is
the quarterly expansion data.

A useful statistical descriptor commonly used in
presentation of fisheries surveys data is the coefficient of
variation (CV). The CV of any summary estimate gives a relative
measure of the variability and a perception of the "quality" of
the estimate and is defined as a percentage proportion of the
standard deviation (square root of the variance) of the estimate
to the estimate, as shown by:

CV(x) = ((—-————_\”’af? (x) ) X 100;

where CV(x) is the coefficient of variation of parameter x, x is
any stratum parameter or sum across strata, and x is the estimate
of parameter x.




